METHODS

Study Participants
Demographic and clinical data were collected prospectively from May 2002 to June 2004 for all children admitted to three PICUs located at tertiary hospitals in Portugal (Hospital D Estefânia, Lisboa; Hospital Pediátrico de Coimbra; Hospital de São João, Porto). Children aged ≥6 yrs were eligible for the HRQOL assessment. A HRQOL questionnaire was applied to proxies of these children (parents or guardians) in two different moments: 1) at PICU admission, referring to the child's health status in the 7 days before admission; and 2) 6 months after admission, referring to the health status of the child the week before the interview. Only children who survived the pediatric intensive care were considered for the 6-month followup assessment.
The first questionnaire was applied by direct interview by one of the physicians involved in the study, as early as possible after the admission. The second questionnaire was applied by telephone interview conducted by one of the two research assistants who were not members of the clinical staff and were blinded to the initial clinical condition of the child, except that they were discharged alive from the PICU.
The results of the HRQOL assessed at admission for children who did not survive the pediatric intensive care are not reported in this analysis. If a child was readmitted to the PICU within 30 days after admission, only the first admission was considered. In addition, children were considered lost to follow-up if we were unable to establish contact after five phone calls during a 1-wk period. A complete description of this sample of patients is available elsewhere (16) .
HRQOL was measured using the HUI3 questionnaire (15) , which is a multiattribute generic questionnaire, based on preferences from general population, about eight different attributes: vision, hearing, speech, ambulation, dexterity, emotion, cognition, and pain. Each attribute was five or six different levels, from perfect function to most abnormal function. Coding procedure is subject to a copyrighted algorithm available through commercial use.
HUI3 global score values are obtained through a multiplicative formula of the attributes evaluated [u = 1.371 (a1 × a2 × a3 × a4 × a5 × a6 × a7 × a8) − 0.371] and range from −0.36 to 1.00. This scale has anchors at zero, meaning death, and one, meaning perfect health; negative values are interpreted as health status considered "worst than being dead" (20) . More detailed information about the HUI system and its psychometric properties can be found in several articles published by the HUI authors (20) (21) (22) (23) (24) (25) (26) .
Only cases with complete responses to the HUI3 questionnaire, at admission and at follow-up, allow computation of differences in the HUI3 global utility score between follow-up and admission. If a response to a particular question of the HUI3 instrument was missing at follow-up (proxies may have refused to answer a specific question) but was available at admission, we imputed the admission's response to the follow-up question; if an answer was missing at admission, we used the follow-up response. This strategy reduces the number of lost cases due to incomplete questionnaires as it allows computing the HUI3 global utility score for both moments. The implicit assumption of this procedure is that if an answer is missing at one of the moments we assume that no change occurred for that particular question in the admission and follow-up assessments.
Probability of death values was calculated according to the published algorithm for PIM (17) and PRISM (18) . PRISM-III (19) values were derived through the use of specific commercial software (Pediatric ICU Evaluations, v.3.0, Children's Research Institute, Washington, DC). Regarding PRISM and PIM, we used both the collected variables and the corresponding computed PRISM and PIM subscores (according to the published algorithms). As PRISM-III probability of death values was were derived through com mercial copyrighted and protected software, we used only the pre dicted mortality values, both as continuous variables and recoded in five categories.
The ethics committee of each of the participating hospital approved the study. Previous informed consent was obtained from all children proxies.
Statistical Analysis
Fisher's exact test was used to compare demographic and clinical variables between the group with complete HUI3 in both moments and the group with at least one incomplete question in one of the HUI3 assessments.
The change of HRQOL status was defined as a variation superior to 0.05 in the HUI3 global utility score. If the difference between 6-month follow-up and admission was superior to 0.05, it was considered to be an "improvement," if it was inferior to −0.05 it was considered to be a "deterioration," and if it was between −0.05 and 0.05 it was classified as "no change" in HRQOL. Then, the HRQOL was dichotomized in two different ways: "deterioration/no change" vs. improvement and "improvement/no change" vs. deterioration leading to two distinct analyses.
For each of the two new outcome variables, univariate logistic regressions were used for each preadmission health status, demographic, physiological variables, and severity score (PIM, PRISM, and PRISM-III) variables and the respective odds ratios are reported. Continuous variables were categorized whenever there was evidence of nonlinear association.
Variables with p values associated with the univariate odds ratios <0.10 were considered for the multivariable logistic analyses. With these variables, we used a forward stepwise-like procedure, with enter criteria of p < 0.05, to select the variables in the final models.
Some variables, namely high-risk and low-risk diagnosis for PIM2 and PRISM-III, were collected but no statistical tests were applied due to lack of cases in some of the categories. Statistical analysis was done using SPSS v. 17 for the Social Sciences, IBM Corporation, Armonk, NY), and the significance level was set at .05 for all tests.
RESULTS
During the study period, a total of 1,495 children were admitted to the three PICUs, with 517 children aged ≥6 yrs eligible for the study. Despite the study adherence from the proxies (only two proxies refused to participate in the study), HRQOL was evaluated at admission in 320 cases (62% of 517 eligible cases and 21% of total admissions) and 252 cases had follow-up interviews (79% follow-up rate). The main causes of study exclusion were the unavailability of an investigator to contact and interview the proxies (at admission to PICU) and impossibility to establish contact within the five phone call attempts at follow-up (at this time, only two other proxies refused to be interviewed despite initial agreement).
Complete and paired HUI3 questionnaires were obtained in 210 cases with an additional 42 cases after imputing values to the missing answers, as described in the Methods section. Comparison between complete cases and "imputed" cases are presented in Table 1 . No significant differences between the two groups were found for baseline clinical variables.
Overall PICU mortality rate was 8.5% (44/517). For the 210 cases with complete (unimputed) results, the medians (interquartile range) of the HUI3 global score were 0.87 (0.46-1.00) and 0.84 (0.49-1.00) for preadmission and follow-up values, respectively; differences were not statistically significant (p = .674). Improvement was seen in 80 cases (38%), deterioration in 85 cases (41%), and the remaining 45 cases (21%) had no change in the HRQOL global HUI3 value.
From a total of 115 variables analyzed through univariate logistic regressions, only 29 (25%) and 30 (26%), respectively, for deterioration/no change vs. improvement and for improvement/no change vs. deterioration (20 common variables to both outcomes) were selected (p < .10) as candidates for the multivariable logistic models. Table 2 presents the odds ratio of these variables for each of the two new outcomes; list of variables excluded is available as a Table (Supplemental Digital Content 1, http://links.lww.com/PCC/A50) or upon request to the authors.
In the final logistic models only three (2.6%) (for deterioration/no change vs. improvement and for improvement/no change vs. deterioration groups) remained in the final model. No need for mechanical ventilation anytime during PICU stay; abnormal preadmission HUI3 pain attribute and lower preadmission HUI3 global score (lower HRQOL) were predictors of improvement. On the other hand, deterioration was predicted by normal values for HUI3 pain and HUI3 emotion attributes at preadmission and admissions due to trauma ( Table 3) .
DISCUSSION
Among the large number of demographic and physiological variables usually used to describe PICU samples and performance, changes in patient's HRQOL who need PICU care seem to be mostly determined by two factors: preadmission health status (patients with lower HRQOL before admission have higher chance of improving their HRQOL after discharge) and cause of admission (trauma patients have higher risk of health status deterioration). However, we cannot overlook the influence of medical care during PICU stay in the postdischarge HRQOL, but we did not have data in this study to evaluate care.
Although we considered a large mix of variables, namely demographic, physiological, HRQOL, and algorithms of probability of death variables, after the multivariable analysis, HRQOL-related variables maintained a significant association with HRQOL and with larger coefficients in the final models. Thus, although factors related to severity of disease may be implicated in the change of HRQOL after pediatric intensive care, it seems that preadmission health status and/or preadmission HRQOL may be more important predictors to changes in the HRQOL of PICU patients. However, we do not endorse the use of these results at the patient's level, only as valuable information to assist the resource planning and health program evaluation. These findings are based on average outcomes to certain baseline characteristics, but there may be a high level of outcome variability for children with similar baseline characteristics.
In addition, we found in the univariate analysis that only 20 variables were common in both grouping approaches ("improvement vs. other" and "deterioration vs. other") and one variable in the final multivariable models, suggesting that variables predicting improvement may be different than those predicting deterioration of HRQOL. This fact should be taken into account in the design of future studies to find predictors of changes in HRQOL.
To our knowledge, there are only two studies in the PICU setting with data on the prediction of HRQOL of PICU survivors, one in a general PICU population (2) and the other in survivors of meningococcal septic shock (27) .
de Keizer et al (2) developed a model, using the HUI2 questionnaire and a sample of 209 cases, to predict HRQOL 1 yr after admission. Variables predicting HRQOL were some PRISM subscores and some preadmission HUI2 attributes. In our study, main predictors of HRQOL change included some of the preadmission HUI3 attributes but PRISM subscores (some were significant in the univariate analysis) did not remain statistically significant in the multivariable analysis. These findings may be dependent on the additive formula of PRISM score (sum of all subscores), resulting in the addition of small effects from each subscore into the final score.
In the models proposed by de Keizer et al (2) to predict HRQOL 1 yr after PICU admission, the preadmission HRQOL variables were the ones with higher coefficients. This is consistent with findings of our multivariable analysis, reinforcing the importance of preadmission health status to the expected short-term/long-term HRQOL in the PICU.
Buysse et al (27) found that PRISM score, age at PICU admission, and length of PICU stay were predictors of health problems and affected HRQOL (measured by two different HRQOL questionnaires, one for children <4 yrs of age and other to older children); the other four variables reported as predictors in the Buysse et al study were not collected in our sample as they were more specific to the meningococcal subset www.pccmjournal.org e11 of PICU patients. Aside from PRISM score in the univariate analysis, we did not find significance for age and PICU length of stay. In addition, Buysse et al did not perform a multivariable analysis for these variables, like we did in our study, so direct comparisons are not possible.
There are several limitations in this study that should be acknowledged. Age limitations (≥6 yrs of age) of the HUI3 instrument and number of exclusions due to study protocol (more detailed information can be found elsewhere) (16) resulted in a small sample of the PICU population, so caution is advised when looking at children aged <6 yrs or when extrapolating to other PICU samples. In our case, initial evaluation was done to 21% and 6-month follow-up evaluation to 17% of the total population; these numbers are similar to the 20% value from a UK multicenter general PICU study (11) . If we consider only the eligible children (≥6 yrs), our values would be 62-49%, respec tively, for initial and follow-up samples, which are more acceptable values for epidemiologic studies and closer to values reported in other PICUs studies about HRQOL (6, 7) . Although these are lower values for follow-up sample, we had a 79% response rate to the follow-up phone interview, which might be considered a good follow-up rate.
HRQOL should ideally be evaluated by each person, but it is a well-known need to use proxies, despite some limitations and disadvantages, to evaluate small children and critically ill children who are unable to understand or answer a questionnaire (2, 23, (28) (29) (30) . This strategy allowed us to collect data about preadmission health status, which is an important factor affecting ICU outcome (7-9, 16, 31) . Six-month follow-up interval might be a short time to allow complete recovery in cases with neurological impairment (32), but longer follow-up time might increase bias in the HRQOL due to other health problems unrelated to the main cause of PICU admission that might occur during the follow-up. Decision to impute data to incomplete questionnaires may be debatable, but it was a way to increase the sample number by 20% and does not interfere, to our point of view, with the validity of the results. As described in the Methods section, analysis was done for differences between the two HRQOL evaluations and the data imputed generated similar values in both questionnaires, so the difference generated by this imputed data is null; although this strategy may have augmented the number of cases without change in HRQOL, they did not interfere with analysis of improvement or deterioration cases. In addition, Table 1 shows no evidence of baseline differences between complete and imputed cases. In any case, we repeated the analysis only using complete data and the results were identical to the ones reported. In particular, the same variables remained in the final multivariable models. Even so, we believe that these results are important as they point clues to future investigations on the area of HRQOL in the PICUs setting.
Further studies with larger sample size are needed to confirm these findings and to allow identification of other variables that might predict change of children health status after PICU care (i.e., duration of mechanical ventilation, presence and duration of organ dysfunction). As only about 30% of children admitted to our PICU were eligible for this kind of study, the alternatives to increase samples are recruiting more PICUs or increase the time period of the studies. The last option seems less desirable because motivation tends to decrease with time, there are higher costs associated with longer studies and also because PICU population and levels of care may vary with time, increasing the difficulties in the evaluation of final data.
CONCLUSIONS
The most common variables used to compute probability of death algorithms were not capable of predicting HRQOL in survivors to pediatric intensive care. Preadmission HRQOL measured by the HUI3 global score, preadmission HUI3 pain and emotion attributes, no need for me chanical ventilation, and trauma admissions were the more im portant variables predicting change of the HRQOL of children surviving to pediatric intensive care. More studies are needed to identify other variables, in particular related to the process of medical care, which could predict HRQOL after pediatric intensive care. The assessment of preadmission and postdischarge HRQOL should be implemented as part of the PICU outcome standards.
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